Abstract: An optoelectronic CMOS memory technology is proposed where photon induced floating body effect stimulates switching and hysteresis in the transistor. The floating body effect is induced by exceedingly few carriers generated by two photon absorption.
Introduction
Silicon has been playing an increasing role in the world of photonics because of the need for low cost and integrated optical transceivers in future computing systems. Such systems will rely ever more on multi-core architectures in which progress will be driven by interconnects as opposed to the switching speed of logic gates. Because of the loss characteristics of optical fiber, data interconnects operate mostly in the 1550nm region of the optical spectrum where fiber loss is at a minimum. Yet, at these wavelengths there is no direct absorption because the photon wavelength is insufficient to create free carriers (electron-hole pairs) across the energy bandgap. At high intensities however, silicon absorbs light via two photon absorption (TPA). While this effect is often problematic because it leads to a loss of light, it has been exploited to perform signal monitoring, data correlators and pulse compression at the 1550nm wavelength band [1-3].
Floating Body Silicon Phototransistor Memory Element
In this paper, we propose and validate via numerical simulations, a new device that exploits TPA and the floating body effect in a metal-insulator-silicon (MOS) transistor on SOI substrate. In our device, the floating body effect [4, 5] is exploited to create a large gain during conversion of 1550nm wavelength photons to electrical current (or voltage). Conventional phototransistors are based on bipolar junction transistors that also offer large internal gain. Therefore, one can presumably use two photon absorption in these type of device to create long wavelength detectors. However, despite its high gain, a bipolar phototransistor suffers from large noise due to the low impedance of its input (base) terminal. On the other hand, an MOS device has very large input (gate) impedance resulting in much lower noise. Being an MOS structure, the proposed device is also completely compatible with standard CMOS process. Figure 1 shows the basic structure of our proposed device. The n-p-n type MOS field effect transistor (FET) is placed at the end of the optical waveguide. As shown in Fig. 1(b) , once the light enters the FET body, the carriers are created by TPA. Owing to their higher velocity, electrons are swept out by the source-drain electric field resulting in a net population of holes in the channel. These holes modulate the gate voltage resulting in switching of the transistor output. This is the key concept in the photosensitivity of the proposed device which operates as a switching (digital) photodetector with hysteresis. In other words, the device functions as an opto-electronic memory.
Numerical validation
The device operation was validated using Altas device simulation tool from SILVACO Corporation which is one of the industry standard tools in CMOS device design and manufacturing. Device parameters used in the numerical simulation are shown in fig. 2 . The TPA photogeneration was included by adding a carrier generation rate whose magnitude depends on the TPA coefficient of silicon β and the optical intensity p I , 2 / 2
, where β =0.7 cm/GW, p E is the photon energy. In normal operation, the MOS transistor operates in the common source mode. The gate electrode is biased with a positive voltage (0.2V) which is below threshold while the drain voltage switches between positive value of 2V (READ state) and negative value of -2V (RESET state).
Conclusion
The operation of this device as an opto-electronic memory is shown in fig. 3 and 4. Despite the low absorption of 1550nm photons in bulk silicon, the floating body effect, induced by the TPA generated carriers, is sufficient to switch the transistor with an optical power as low as 0.51mW. This validates the functionality of this device as a new switching (digital) photodetector that is completely compatible with standard CMOS device technology. This new device can be useful as a CMOS-compatible data buffer for on chip data communication between computing cores and between cores and conventional memory elements.
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